Inhibition of Rho family GTPases by Rho GDP dissociation inhibitor disrupts cardiac morphogenesis and inhibits cardiomyocyte proliferation.
Studies of Rho GTPases in Drosophila and Xenopus suggest that Rho family proteins may play an important role in embryogenesis. A reverse genetic approach was employed to explore the role of Rho GTPases in murine cardiac development. Cardiac-specific inhibition of Rho family protein activities was achieved by expressing Rho GDIalpha, a specific GDP dissociation inhibitor for Rho family proteins, using the alpha-myosin heavy chain promoter, active at embryonic day (E)8.0 during morphogenesis of the linear heart tube. RhoA, Rac1 and Cdc42 activities were significantly inhibited, as shown by decreased membrane translocation of these proteins in the transgenic hearts. Transgenic F1 mice for each of two independent lines expressing the highest levels of the transgene, died around E10.5. Homozygotes of the middle copy-number lines, in which Rho GDIalpha expression was increased four-fold over normal levels, were also embryonic lethal. Cardiac morphogenesis in these embryos was disrupted, with incomplete looping, lack of chamber demarcation, hypocellularity and lack of trabeculation. Cell proliferation was inhibited in the transgenic hearts, as shown by immunostaining with anti-phosphohistone H3, a marker of mitosis. In addition, ventricular hypoplasia was associated with up-regulation of p21, an inhibitor of cyclin-dependent kinases, and with down-regulation of cyclin A, while cell survival was not affected. These results reveal new biological functions for Rho family proteins as essential determinants of cell proliferation signals at looping and chamber maturation stages in mammalian cardiac development.